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• A search coil detection system with superparagmagnetic nanoparticles was
used to estimate viscosities of unknown solutions
• There was a 0.3% error rate when estimating unknown viscosities of glycerol
and distilled water and human serum and blood viscosity, given that the MNPs
do not conjugate (using a PEG outer layer covered MNPs)
• Compared to other viscosity testing methods (like micro electro mechanical
system), our search coil system far more cheaper and efficient.
The eight mixtures of 200 μL of varying glycerol concentrations were prepared 
and  the viscosities were found using an AR-G2 rheometer. These are the table of 
standard values:
The phase and voltage ratio signals collected from these samples. Standard 
graphs were built: 
Two mixtures of unknown viscosities were tested. Mixture I contained 200μL 
glycerol and DI water solution mixed with 50μL MNP, and mixture II contained 
200μL serum  (male human serum type AB, purchased from Sigma-Aldrich 
Company, this product consists of hemoglobin ≤ 20mg/dL, and endotoxin ≤ 
10EU/mL) mixed with 50μL MNP. The phase lag and voltage ratio data was 
collected and compared with the standard graph. The viscosity was determined 
using the graph. 
The tested viscosity of Mixture I is estimated to be 7.97 cp, and compared to the 
actual viscosity the error rate turned out to be 0.3%. However, an abnormal 
phenomenon occurred with mixture II. The estimated viscosity is at least 60% 
higher than the actual value. This may be because the proteins in the human 
serum were nonspecifically conjugated on the surfaced of the MNPs and therefor 
increased the hydrodynamic volume of the MNPs. This in turn would increase the 
effective relaxation time and make the viscosity appear that it is higher than the 
theoretical viscosity value. 
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• Digital acquisition card (DAQ, NI USB-6289, 18-Bit, 625 kS/s), LabVIEW and
Matlab are used for instrument control and signal processing, respectively.
• 50μL SHP-25 nanoparticles (purchased from Ocean NanoTech, iron oxide
core MNPs of 25nm diameter ) were mixed with 200μL varying glycerol and
distilled water combinations.
• Their voltage ratio and phase lag data was collected by inserting the MNP
solutions into the center of the coil. Three trials of varying high frequency fields
(300 Hz, 500 Hz, 900 Hz) were used. The theoretical viscosity of the mixtures
were determined using this data.
• Actual viscosities of the mixtures were determined using an AR-G2 rheometer
We propose and demonstrate a Brownian relaxation based mixing frequency
method to test sample viscosities. This method uses excitation and detection
coils and Brownian relaxation dominated superparamagnetic nanoparticles
(MNPs), which are sensitive to the liquid environment such as viscosity,
hydrodynamic volume, and temperature. A low frequency sinusoidal magnetic
field is applied to saturate the MNPs into nonlinear region and a high
frequency field is applied to modulate it into the high frequency region where
the noise floor is lower. The phase lag of the 3rd harmonic and induced
voltage ratio of the 5th over the 3rd harmonic signals are collected. We build
up standard graphs by putting collected data from eight MNP mixtures with
different viscosities. For any unknown liquids mixed by MNPs, we can collect
phase lag and voltage ratio information and insert these data into
aforementioned standard graphs. This in vitro viscosity test can be done in 1
minute. Our experimental result showed a 0.3% error rate.
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There exist two relaxation mechanisms for
MNPs under alternating magnetic fields:
Brownian and Néel relaxation. Brownian
relaxation is the physical rotation of MNPs in
solution and Néel relaxation is the magnetic
dipole flipping inside the particle. Brownian
and Néel relaxation times are expressed as:
Magnetization curve of Iron Oxide Nanoparticles 
(SHP-25, Ocean NanoTech) in water solution at 
room temperature measured by VSM.
• Collect amplitudes and phases of 3rd
and 5th harmonics from the detection
coils.
• Viscosity of unknown liquids were
determined using voltage ratios and
phases
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Respectively, where    is the viscosity of the 
MNP solution, VH is the hydrodynamic volume, 
kb is the Boltzmann constant; and T is the 
temperature of the solution in Kelvin. τ0 =10
-9
s, Ku is the uniaxial energy density, and Vm is 
the magnetic core volume of each MNP. Since 
SHP-25 has a core diameter of 25nm, the 
dominant relaxation time would be Brownian. 
Using this information, the viscosity of any 
unknown liquid can be determined, as long as 
we collect voltage ratio and phase lag 
information.  
The search coil system uses three coils: one 
to for a high frequency magnetic field, one for 
a low frequency magnetic field, and a pair of 
differentially rounded detection coils. The 
magnetic field can be described as:
Phase lag   can be expressed as: 
The voltage ratio of the 5th harmonic over 3rd
harmonic can be expressed using Lenz law: 

Néel, Brownian and total effective relaxation 
time as function of MNP core size, T=293K, 
viscosity of MNP solution is 1 cp.
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Methods Phase lag of the 3rd harmonic Voltage ratio
Frequency 300Hz 500Hz 900Hz 300Hz 500Hz 900Hz
Mixture I Raw Data -30.52 -54.34 -71.18 0.384 0.278 0.278
Viscosity 9.0 7.0 8.0 7.6 8.4 7.8
Mixture II Raw Data -38.42 -52.72 -68.89 0.394 0.384 0.376
Viscosity 35 2.8 5.2 2.8 NA NA
Mixture Viscosity Mixture Viscosity
A 0.99 cp E 22.99 cp
B 1.95 cp F 44.78 cp
C 2.29 cp G 136.58 cp
D 3.36 cp H 1087.43 cp
Voltage ratio of the 5th over the  3rd harmonic in 
different high frequencies vs. viscosities
Phase lag of the 3rd harmonic in different high 
frequencies vs. viscosities
Phase lag of the 3rd harmonic, voltage ratio of 
the 5th over the 3rd harmonics, tested at 20oC
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Viscosities of 8 samples at 20oC
